tion, distribution, and retail level. Many segments of the industry have developed adequate quality control measures for flavor, physical appearance, stability, and wholesomeness. Slocum (1956) has stated that a sanitary or wholesome food is one free from injurious substances including infectious microorganisms. He adds that the modern concept of food quality control has expanded this definition to include freedom from materials that are repulsive or obnoxious regardless of their importance as agents of disease. Therefore, for effective sanitary control for the wholesomeness of convenience frozen foods, some processors have found it necessary to employ routine bacteriological measures. Fitzgerald (1947a) pointed out the importance of careful plant sanitation during processing on the bacteriological quality of frozen foods and that frozen fruits and vegetables served in raw salads might be a possible source of "infection."
Although no major outbreak of food poisoning has been attributed to commercially frozen meat pies, the fact remains that these products might easily be contaminated during processing and could provide an excellent medium for bacteriological growth. Despite the fact that baking of frozen meat pies will destroy a majority of the microbiological flora present, a bacteria free product is usually not achieved, and heat stable toxins elaborated by staphylococci are not eliminated but only slightly reduced in potency.
Microbiological standards for precooked frozen foods are presently being advocated by food sanitarians, public health officials, and food processors. As early as 1947, Fitzgerald (1947b) recognized the need for microbiological standards for frozen foods, and recommended an upper limit of 100,000 bacteria per g. Rayman et al. (1955) of the Quartermaster Food and Container Institute discussed this problem at a symposium. They suggested a standard of 100,000 viable bacteria per g. This recommendation was shared by Weiser (1957) information to further substantiate the recommendation of Rayman. Litsky et al. (1957) independently confirmed these suggestions as realistic and workable after making a bacteriological survey of commercially frozen poultry and tuna pies.
The present bacteriological survey of commercially frozen meat pies obtained at the retail level was undertaken to evaluate the findings of work reported in the literature on a practical commercial basis.
MATERIALS AND METHODS
The commercially produced frozen meat pies used in this investigation were purchased at retail markets in Omaha, Nebraska. Whenever possible, six frozen meat pies of the same brand and having the same lot number were selected. After a period of eight months, the same brands were again collected and sampled. Twelve different brands are represented in this study.
Samples of the frozen meat pies for bacteriological analysis were obtained by using a stainless steel cheese trier which was previously sterilized by dipping into alcohol and then flaming. 5,100 20,000 5,000 12,000 8,000 4,000 2,000 10,000 1,000 4,000 5,000 13,000 300,000 9,000 30,000 6,000 142,000 12,000 100 300 3,400 8,000 4,000 1,000 10,000 16,000 10,000 22,000 64,000 41,000 2,000 10,000 7,000 12,000 6,000 10,000 1,000 10,000 1,000 2,000 8,000 6,000 10,000 6,800 14,600 8,000 found consistently and usually in greater numbers than the coliform bacteria.
The results of the determinations on the tuna meat pies are presented in table 4. It is apparent from the exoniination of the data that the microbiological quality of tuna meat pies was consistently better than that of the poultry or beef pies. All of the 36 tuna pies had total counts under 100,000 per g, and all but one sample (B-6) had total counts under 25,000 per g.
For all the different frozen meat pies examined, fecal streptococci were consistently found and in greater numbers than the coliform bacteria. This coincides with the findings of Larkin et al. (1955) and CanaleParola and Ordal (1957) .
Of 93 frozen meat pies, no Salmonella were found, however, paracolon group bacteria were demonstrated in 13 of the samples examined. Since no Salmonella were found in the first group of frozen meat pies examined (sample number 1 through 3 inclusive, for each of the producers) the testing for Salmonella was discontinued. Litsky et al. (1957) also found no Salmonella present in a group of 132 frozen meat pies examined.
A total of 188 frozen meat pies, commercially produced and procured at the retail level, was examined for the total number of bacteria, coliforms, enterococci, staphylococci, salmonellae, and paracolon group organisms. Fourteen of the total number of 188 frozen meat pies had a total bacterial count over 100,000 per g, or, about 93 per cent of the pies were produced with a total bacterial count under 100,000. About 83 per cent of the frozen meat pies had total counts under 50,000 per g.
It appears from this study that the proposed standard of 100,000 bacteria per g is reasonable and would not cause any possible hardship on the producers. Once this proposed microbiological standard is accepted by the industry on frozenl meat pies produced, it; may be feasible to impose a more stringent standard after a suitable period of time. With three-fourths of the commercially produced frozen meat pies sampled in this survey having total bacterial counts under 25,000 per g, it is shown that frozen meat pies with low bacterial counts can be produced and distributed. It may even be suggested that the proposed standard of 100,000 bacteria per g is too high and that possibly the permissible bacterial count be lowered to 50,000 per g.
Even though frozen meat pies can be produced commercially with excellent sanitation and low bacterial counts, there is no assurance that the product purchased at the retail level will have a low bacterial count. It is generally recognized by the producers that abuses in handling foods do occur in the distribution systems.
High bacterial counts may be often due to mishandling during distribution and improper storage at the retail level. Before any bacteriological standards are to be accepted, a bacteriological survey of frozen foods should be undertaken with a series of random samples taken directly from the majority of the producers anid not from retail freezer cabinets. SUMMARY A total of 188 frozen meat pies commercially produced and procured at the retail level was examined for total number of bacteria, coliforms, enterococci, staphylococci, and the presence of salmonellae and paracolon bacteria. Fourteen of the total number of 188 frozen meat pies had total bacterial counts over 100,000 per g, or, 93 per cent had total counts under 100,000 per g. About 83 per cent of the frozen meat pies had total counts under 50,000 per g and 75 per cent had total counts under 25,000 per g. It appears from the data of this investigation that a bacteriological standard of 100,000 per g is reasonable. However, before any bacteriological standards are to be accepted a bacteriological survey of frozen food should be undertaken with a series of random samples taken directly from the majority of the producers and not from retail freezer cabinets.
Enterococci were found more consistently and usually in greater numbers than the coliform bacteria.
